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New Equation of State for DC745U
Joshua D. Coea) and J. Tinka Gammel
T-1, Physics & Chemistry of Materials, Los Alamos National Laboratory, Los Alamos,
NM 87545

We describe the construction of a new equation of state for the silicone elastomer DC745U. The EOS is
calibrated to thermal, thermomechanical, and plate impact data taken at both room temperature and 60◦C.
The new EOS is generated in tabular form, as developmental SESAME 97990.
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I. INTRODUCTION

DC745U is a silicone elastomer used in numerous parts
of weapon systems, including as aft cap support in the
W80 and as a pressure pad in the B61.1–7 In spite of
this, the current SESAME library contains no entry for
DC745.

DC745U crystallizes with ∼40% crystallinity at around
-50◦C.6,7 This transition affects many features, including
its shock compressibility.7 The new EOS is based in part
on room temperature shock data digitized from Ref. 4,
but does well in reproducing additional shock data taken
at -60◦C.8

II. EQUATION OF STATE

A. Methods

The new EOS was based on the SESAME decomposi-
tion of the Helmholtz free energy,

F (ρ, T ) = φ(ρ) + Fi(ρ, T ) + Fe(ρ, T ), (1)

where φ(ρ) is the 0K energy of the static lattice (cold
curve), Fi is the free energy due to ionic motion, and Fe
is that due to thermal excitation of the electrons. Table
I contains the basic EOS inputs, based on an elemental
composition obtained from Ref. 1 and the ambient den-
sity reported in elsewhere.8 The EOS was constructed
using a modified version of OpenSesame-1.4.4, the nature
of the modifications being described below.

The cold curve was calculated based on fitting the
room temperature shock data4 to

US = c0 + s1up + s2u
2
p. (2)

TABLE I. Basic EOS parameters for SESAME 97990.

Formula C2.083H6.029SiO
Z(-e) 4.008
A (g/mol) 7.43494
ρ0 (g/cc) 1.312

a)Electronic mail: jcoe@lanl.gov

Combined with the assumption of Mie-Grüneisen
behavior,9 a Hugoniot fit to (2) can be used to ex-
tract the cold curve in tabular form.10 This result
was bounded above and below by Thomas-Fermi-Dirac
(TFD) theory11–13 and a “Lennard-Jones” model of the
form14

φ(ρ) = a1ρ
a2 − a3ρ

a4 + E0, η < ηlo, (3)

respectively. Values were supplied for a4 and the cohesive
energy Ecoh, related to E0 via15

Ecoh = E0 + φ(ρ0) + E(ρ0, 0) (4)

for the Grüneisen Γ models implemented in
OpenSesame.16 The final term on the right hand
side is simply the zero point energy. Additional pa-
rameters were adjusted automatically by OpenSesame
to ensure continuity of the energy and its first two ρ
derivatives at the match compressions ηlo and ηhi, where
η = ρ/ρ0. Calibration of the parameters in (2) were
based roughly on a least squares fit to plate impact data
at ambient temperature,17 adjusted slightly to better
match all the other data. Parameters for the cold curve
at compressions η < ηlo were set largely in order to
match thermal expansion data presented below.

The ionic contribution, Fi, was calculated using the
Tarasov model.18 This model is a generalization on the
standard Debye model, enabling multiple characteris-
tic temperatures Θ based on oscillators in 1-3 dimen-
sions. The generalization of the Tarasov model coded in
OpenSesame replaces the Debye model for each theta with
the JDNUC model19 which interpolates between the De-
bye model at low temperature and ideal gas behavior at
high temperature. JDJNUC assumes a Lindemann melt
law20 to determine the switch between Debye and ideal
gas behaviors and allows a specific heat jump at melt,
where for the current material the model melt behavior
approximately captures decomposition.

The density-dependence of the characteristic tempera-
tures (assumed to be the same in all cases) was incorpo-
rated through the Grüneisen parameter, which was mod-
eled as

Γ(ρ) =

{
Γ∞ + g1(

ρg
ρ ) + g2(

ρg
ρ )2, ρ ≥ ρg

Γ0 + g3( ρρg ) + g4( ρρg )2 , ρ ≤ ρg.
(5)

The match point was chosen to be the reference density
(ρg = ρ0) for simplicity, Γ at zero and infinite density
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FIG. 1. Thermal expansion results for SESAME 97990 com-
pared with data collected by Datapoint Labs. The data were
for material of initial density ρ0 = 1.291 g/cc, slightly differ-
ent from the reference density of ρ0=1.312 g/cc used in the
SESAME table.

(Γ0 and Γ∞) were set to their theoretical values, and its
left and right log derivatives (Γ′L, Γ′R) at the match point
were set to −Γg (consistent with ρΓ = const). The value
of Γg itself was then tuned to fit data.

The free energy of electronic excitations, Fe, was cal-
culated based on Thomas-Fermi-Dirac theory. Electronic
contributions to the energy and pressure are essentially
negligible (< 1% at P = 50 GPa on the Hugoniot) over
the ρ− T domain for which there are data.

B. Results

The ionic portion of the EOS was calibrated to specific
heat data taken from 213 to 343 K.21 The agreement
(not shown) is excellent, although the limited range of
the data somewhat obscures the complex character of
thermal response in a polymer such as DC745. Gener-
alization of the standard Debye model was essential for
achieving the level of agreement obtained.

Similar comments apply to the thermal expansion re-
sults of Figure 1, where the EOS is plotted against iso-
baric data collected by Datapoint Labs22 on material of
initial density ρ0 = 1.291 g/cc. Results are plotted in
terms of compression rather than density in order to nor-
malize for the small difference in ρ0. By the standard of
typical NNSA applications, the applied stresses depicted
are quite small. Agreement of the EOS with the data
is worst at ambient pressure, whereupon heating it also
ventures deepest into expansion. Given the coarseness
of our expansion models, this feature is perhaps not sur-
prising.

Figures 2 and 3 illustrate calculated Hugoniots in the
US − up and P − ρ planes. Agreement is good even for
the cold data, in spite of the fact that they played only
a minimal role in calibration of the EOS. There is some
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FIG. 2. Hugoniot results in the US − up plane for SESAME
97990 as compared with data. Uncertainty analysis of the
room temperature points is ongoing,17 those of the -60◦C
points are indicated only where greater than the symbol sizes.
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FIG. 3. Hugoniot results in the P − ρ plane for SESAME
97990 as compared with data. Uncertainty analysis of the
room temperature points is ongoing,17 those of the -60◦C
points are indicated only where greater than the symbol sizes.

mild structure visible at particle velocities up ∼ 0.7 − 1,
due to the low value chosen for ηhi and the resultant
transition of the cold curve to TFD.

III. SUMMARY

We’ve outlined the construction of a new SESAME
table for DC745U. Agreement with all data are
good,4,8,21,22 although recovery of the highest pressure
shock points is a little artificial. We should also men-
tion that DC745, like other polymers, will decompose
under sufficient load.23–27 This would most likely entail
abrupt changes in volume and compressibility, and the
resultant products mixture would be better described by



D
ra
ft

3

thermochemical modeling.28 Both of these caveats should
be revisited if accuracy at higher pressures proves unsat-
isfactory.
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